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« Keeping our eye on the
goal/mission

— Energy security and sustainable
energy

— Petroleum Displacement

e Long-Term - Core R&D that
addresses the main barriers
towards development of the
Integrated thermochemical/
biochemical biorefinery for large-
scale production of liquid
transportation fuels.

 Deployment — Partnerships with

.
.

.
i

iIndustry to deploy near term and e \— 4 f*’/’
mid term technologies aligned = AN NN
with the long-term objective.
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Biomass as a Major Energy Supply

 Two independent studies - ‘ ‘
orest Resources
have addressed the
question of biomass supply e B \

— “Billion Ton Study” _ ' J
conservatively estimates a Total Potential - _ =
potential supply of 1.3 O i o - i AT
billion tons of biomass per Millons of Tons per Yeat
year

— “RO|e Of BiomaSS StUdy" Land Requirements for Current Total US. Light and Heavy Duty Fuels:
demonstrates the ablllty tO Current Sw:tchgr:ass Ylleld atl5 tfalc,fyr . |
meet current U.S. light Sangoed N "IU
duty and he avy duty Ag residue utlization*| ] . fossig . L
transportation fuel demand Forest resourees | o [
using only 16% or less of ] coniesiogechiolony
Current U-S- agriCU|tura| gipiored Gt yicld = ~400mi|li<{|1acresinU',S,
Iand Improved vehicle efficiency E' A

Coproduction of protein 4
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Yields Based on Mid-Term

10 Conversion Technology
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Yields Based on Mid-Term
Conversion Technology

—~
o

o~
o

The impact of 1.3
billion tons

=l
(=]

1.3 billion tons of biomass -
heating value equivalent

Billion Barrel of Oil Equivalents
=
=]

3.0
2.0
1.4
1.0
Biochemically Convert
Non-Edible Carbohydrates (1.1)
0.0 - Near-Term Corn Without

Affecting Food Prices (0.3)




Keeping Our Eye on the Goal

nergy Efficiency and Renewable Energy

Biomass and Oil Displacement

l}l:&ma55 dlh&ghcuw»

Yields Based on Mid-Term
Conversion Technology
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Yields Based on Mid-Term USS. Petroleum

10 Conversion Technology Production Levels
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Yields Based on Mid-Term USS. Petroleum Current

70 Conversion Technology Production Levels Imports

60+ .
g [ Theimpactof 1.3
] E I
s s billiontons
5 E
T c
Ll -
== 4 (0 - 1.3 billion tons of biomass -
@) - heating value equivalent
LT e e S ——
[<]
@ 30
e
4]
(+2]
<
.Q 2'0 I‘
= | |- U, i
o - Thermochemically Convert / .‘I Production

Biochem Residues (0.5) us.oil | [ - Max. 1971
1.0 - Production — ‘
) Biochemically Convert ~Current—
/ Non-Edible Carbohydrates (1.1)
0.0 - —=— Near-Term Corn Without
’ Affecting Food Prices (0.3)




Keeping Our Eye on the Goal

nergy Efficiency and Renewable Energy

Biomass and Oil Displacement

l}l:&ma55 dlh&ghcuw»

Yields Based on Mid-Term USS. Petroleum Current U.S. Petroleum
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Biomass and Oil Displacement

So...assuming mid-term conversion technology, 1.3 billion
tons of annual biomass supply could match today’s U.S.
oll production for liquid fuels

At efficiencies approaching that of mature petroleum
refining, 1.3 billion tons of annual biomass is the
equivalent of 60% of today’s demand for petroleum in the
U.S.

And, at efficiencies approaching that of mature petroleum
refining, we could meet ALL of today’s demand for light
duty and heavy duty fuel in the U.S. using only16% or less
of U.S. ag land
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(Two Platforms for the Biorefinery ‘ Sepal’ate
technologies

Thermochemical
technology for
combined heat and
power

Biochemical
technology for

Thermochemical

Conversion ethanol and power
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An Evolving Vision

The Integrated Biorefinery || Today we see that the
The right tool for the right job mature integrated
Biological processing of biomass followed by - .

Thermochemical processing bloreflner.y mu.St

of non fermentables Include biological and

[\ thermochemical
&Y et conversion

Maximize efficiency of
biomass (and land)
utilization by producing
fuels thermochemically
and biologically

Thermochemical
Conversion
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‘The Integrated Biorefinery ‘ -
The right tool for the right job B IO0Mass as
Biological processing of carbohydrates u-I-h a N ew

Thermochemical processing

of non fermentables
i W
AN

Petroleum”—and
then some

Source of food,
feed, fiber, fuels
and chemicals
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Maximizing Energy Efficiency

100% | Energy Efficiency 100% o _
Improvement for Integrated Liquid Fuel Yield Improvement for
Thermochemical and Mature Integfated : :

Biochemical Biorefinery: ! Thermochemical and Biochemical
Biorefinery
80% 80%
The Case for Mature Ethanol Létisid
Fischer-Tropsch Liquids DBioche?ﬁ g
Technolo
% [JThermochem Fuel 25%
60% 60% iPetroleum 16%
Assumes
External
Heat and
Power
0,
40% Ea% 40% 80%
68% 1%
o 55% 54% 54% 54%
(=]
20% 209
34%
0% 0% T
Power FT Liquids/Power ~ EtOH/Power EtOH/FT Liquids/Power Petroleum FT Liquids Bio EtOH/Pwr  Bio EtOH/ FT Liq Bio EtOH/TC Ale Petroleum

“Role of Biomass® Project: Energy efficiency is maximized for integrated thermochemical and
biochemical process technologies

The sameistrue for liquid fuels production

If heat and power for the process are provided externally (not from biomass), it is possible to approach
li quid fuel yields of today’ s petroleum refineries on an energy basis
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Greenhouse Gas Emissions

Greenhouse Gas Avoidance of Fully Integrated Thermochemical and
Biochemical Technologies in a Biorefinery (kg CO, per ton biomass)
1

Power - 700
|
Thermochemical Fuels and Power — 850
I
Bioconversion and Power 1150
I
Biochem/Thermochem Conversion Fuels and Power — 1200

0 200 400 600 800 1000 1200

For future scenarios where U.S. power production includes substantial renewable
energy sources, integrated thermochemical and biochemical technologies maximize
benefits of greenhouse gas emissions
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Projected Fuel Cost ($/gal gasoline equiv)

$2.00

$1.80

$1.60 |

$1.40

$1.20

$1.00

Mid Term Bio Mid Term Bio Mature Bio
Ethanol Ethanol and TC  Ethanol and FT
Mixed Alcohols Liquids
$1.62
$1.48
High and low riinge of wholesale gasoline price

2000 to 2004

$0.91

Rethinking the Biorefinery

Market Competitiveness

New analyses of combined
thermochemical and
biochemical processes
show opportunity for
achieving competitiveness
with gasoline in the long run
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Energy efficiency, greenhouse gas emissions and

economics all point us toward a long term vision

of the biorefinery that combines mature biological
and thermochemical technology
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The Path Forward

2007 2010 2020+

Corn

Wet Mill |
Dry Mill

« Six pathways represent
possible homes for
deployment of new

Recalcitrant Starch, te C h no | ) g y

Corn Fiber
Appied R&D (o \<  Three major areas:
Cellulosic Emerging Biorefinery

\ Residues | Fundamental R&D i i
\/ New Product R&D Demonstrate - EXIStIng Corn EthanOI
Applied R&D for Advanced Advanced Biolo
Biorefine

Applied R&D for

Technology

| Ag Residues | Biorefinery Ind ustry

Pulp and Paper Mil — Emerging Industry for
Forest Products Mill | .
Lotesttiodclo M Residues

st Applied R&D for Advanced —— — New Bioenergy Crops

@y Biorefinery

Energy Crops (Grasses and Trees) |
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The Path Forward

2007 2010 2020+
> Three strategies
. 1. Seed new technology
\G_/ components in existing
“Wet Wil facilities by 2007
Dy it 2. Scale up 1st generation
: cellulosic biomass
RGairant S, ScleSolgeale processing by 2012 (FY 08
\<=°9v Solicitation)
Gonos | | Emarong Borainery 3.  Develop advanced

\ Residues | Fundamental R&D . . .
N (LR m— Dercraiaiel) biological/ thermochemical

|Ag Residues | Sora e process that support large

T scale displacement of

petroleum by 2020+

Cellulosic
| Energy | Applied R&D for Advanced

chy Biorefinery

Energy Crops (Grasses and Trees) |
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Biochemical
Conversion
(Carbohydrates)
Applied R&D

Integrated
Biorefineries

Thermochemical
Conversion
(Lignin and Non-
fermentables)
Applied R&D

6 Pathways

Corn Wet Mills
Corn Dry Mills
Pulp and Paper Mills
Forest Products Mills
Ag Residues
Energy Crops

New Products
(Carbonhydrates
and Non-
fermentables)
Applied R&D
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Thermochemical Platform Economic Analysis
— Pam Spath

Thermochemical Processing Session
— Don Stevens

Syngas Clean-up and Conditioning Session
— Rich Bain
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